. Participation in unsupervised recreational aquatic environments remains popular and fairly constant; the need exists to identify the types of aquatic rescue equipment for layperson/bystanders to perform effective rescues. Answering the main question of this review has implications for identifying appropriate pedagogies and educational practices for water safety and learn to swim programs which will be addressed in separate reviews. • An average of 10 people die every day in the U.S. from unintentional drowning-with 1 in 5 of them being children 14 years of age or younger.
Scientific Foundation
Significance of topic. Drowning is a leading cause of deaths worldwide (World Health Organization (WHO) 2014; Legatt & Wilks, 2013) affecting all economies and regions. In the United States, the Centers for Disease Control and Prevention (CDC) (2017) reported:
• An average of 10 people die every day in the U.S. from unintentional drowning-with 1 in 5 of them being children 14 years of age or younger.
• Drowning is the leading cause of injury deaths for children 1-4 years of age.
(Centers for Disease Control and Prevention (CDC, 2017) • Among those 1-14, fatal drowning remains the second-leading cause of unintentional injury-related death behind motor vehicle crashes (CDC, 2017) . Drowning is the fifth leading cause of unintentional injury deaths for all ages in the United States (CDC, 2017).
• Participation in formal swim lessons can reduce the likelihood of childhood drowning death by 88% (Brenner et al, 2009 ).
• Injuries from drowning kill more kids 1-4 years of age than any other cause except birth defects. ( Participation in unsupervised recreational aquatic environments (e.g., beaches, rivers, waterfronts) remains popular and constant; at the same time, the "altruistic" desire of laypersons to pursue heroic rescue efforts has lead to a documented increase in rescuer-victim drowning deaths (Mecrow, Rahman, Linnan, Scarr, Mashreky, Talab, & Rahman, 2014; Pearn, & Franklin, 2012; Venema, Groothoof, & Bierens, 2010) . The need to identify the types of rescue equipment that may enhance the capabilities of laypersons/bystanders to perform effective and safer rescues remains essential (Petrass & Blitvich, 2018; O'Sullivan, 2015; Pearn & Franklin, 2009) . Published literature related to drowning prevention and the importance of lifeguard supervision, swimming skill, rescue skills and preparation, is abundant. Some studies have shown that needless drowning has occurred because laypersons/bystanders lack knowledge regarding effective types of rescue equipment as well as the knowledge regarding how to execute simple rescue skills (Moran, Webber, & Stanley, 2017) . Plentiful research has documented that laypersons/bystanders have the potential to make a critical difference in the survival of persons in trouble in water (Petrass & Blitvich, 2018; Moran, Webber, & Stanley, 2017; Szpilman, Løfgren, Webber, Quan, Bierens, Morizot-Leite, & Langendorfer, 2013; Moran & Stanley, 2013; Pearn, & Franklin, 2012; Moran, Quan, Franklin, & Bennett, 2011; Franklin & Pearn, 2011; Venema, Groothoff & Bierens, 2010; Pearn & Franklin, 2009; Michniewicz, Walczuk, & Rostkowska, 2008; Wiesner, 2001; Webber, 2008) .
Updated Scientific Foundation. The majority of drowning events each year occur in unguarded locations (United States Lifesaving Association, 2016). The scientific literature lacks research evidence about the effectiveness of water rescue equipment and its use by lay-responders. Little additional scientific evidence has been published since the completion of the original scientific review. The literature review for this triennial review discovered only four new studies that addressed effective rescue equipment use for lay persons/bystanders to assist a drowning victim (Petrass & Blitvich, 2018; Backman, Hollenberg, Svensson, Ringh, Nordberg, Djarv, Forsberg, Hernborg, & Claesson, 2018 ; AbelairasGomez, Barcala-Furelos, Mecias-Calvo, Rey-Eiras, Lopez-Garcia, Costas-Veiga, Bores-Cerezal, & Palacios-Aguilar, 2017; Moran, Webber, & Stanley, 2017) . The original review recommendations such as equipping rescuers with the "tools for heroic acts" (Pearn & Franklin, 2009 ) by performing throws with a buoy or any floating object or the mnemonics, "talk, reach, throw, wade, row, and tow," or "reach and throw, don't go" to promote reaching assists) (Royal Life Saving Society Australia, 2006; American Red Cross, 2014) still stand, but without addressed the main question of this review (Szpilman, Løfgren, Webber, Quan, Bierens, Morizot-Leite, & Langendorfer 2013; Moran & Stanley, 2013; Pearn, & Franklin, 2012; Moran, Quan, Franklin, & Bennett, 2011; Franklin, & Pearn, 2011; Venema, Groothoff & Bierens, 2010; Pearn & Franklin, 2009; Michniewicz, Walczuk, & Rostkowska, 2008; Wiesner, 2001; Webber, 2008) .
Rescue tubes, ring buoys, throw lines, and rescue lines have been proposed, albeit without strong empirical evidence, as the most "advantageous" types of rescue equipment due to their associated accuracy, buoyancy, distance they can be thrown, and ease with which the person being rescued can grab hold (O'Sullivan, 2013; Szpilman, Løfgren, Webber, Quan, Bierens, Morizot-Leite, & Langendorfer 2013; Moran & Stanley, 2013; Pearn, & Franklin, 2012; Moran, Quan, Franklin, & Bennett, 2011; Franklin, & Pearn, 2011; Venema, Groothoff & Joost, 2010; Pern & Franklin, 2009; Michniewicz, Walczuk, & Rostkowska, 2008; Webber, 2008; Wiesner, 2001 Health, 43(4), [688] [689] [690] [691] [692] [693] Drowning is an important public health issue with major impacts on young adults aged 15-24 years, yet little is known about the causal factors for drowning for this group. As young adults recreate with peers in unpatrolled aquatic environments, the capacity to perform effective and efficient rescues seems pivotal. This study examined perceived ability of young adults to perform a rescue; determined the level of aquatic rescue knowledge; and measured the effect of an aquatic rescue intervention. In total, 135 participants Level 3b completed pre-and post-intervention surveys and rescue practical testing. Wilcoxon matched pairs signed rank tests were used to assess significant differences pre-and post-intervention and Mann-Whitney tests used to compare groups. Pre-intervention, participants had a low level of rescue knowledge (Mdn = 50) and the relationship between perceived rescue ability and practical rescue testing was weak (rs = 0.33, p </= 0.001). Postintervention, ability to perform a contact tow demonstrated significant improvement (z = -9.09, p < 0.001, r = -0.79) and rescue knowledge also improved significantly (Mdn = 100, z = -9.42, p < 0.001, r = -0.81). Findings were consistent with other studies, which found that laypersons/bystanders lack of knowledge in the areas of the ability to physically execute effective rescue skills, knowledge regarding how to properly execute effective rescue skills, and knowledge required to safely perform a rescue skill, were factors that would more likely increase layperson drowning risks if they attempt an aquatic rescue. The purpose of the study was to evaluate and explore the feasibility, efficiency, and potential of using drones for delivering and providing flotation devices in cases of drowning to conscious simulated drowning victims. It was hypothesized that a drone carrying an inflatable life buoy would be a faster way to provide flotation compared with traditional methods. A simulation study was performed with a simulated drowning victim 100 m from the shore. A drone (DJI Phantom 4; dji, Shenzhen, China) equipped with an inflatable life buoy of 60 N was compared with traditional surf rescue swimming for providing flotation. The primary outcome was delay (minutes:seconds). Results of the study revealed of a total number of 30 rescues performed there was a median time for the delivery of the floating device of 30 seconds (interquartile range [IQR] = 24-32 seconds) for the drone compared with 65 seconds (IQR = 60-77 seconds) with a traditional swimming rescue (P < .001). The drone had an accuracy of 100% in dropping the inflatable life buoy < 5 m from the victim, with a median of 1 m (IQR = 1-2 m). Conclusions revealed that the use of drones for the delivery of inflatable life buoys was as safe as, and possibly a faster method of rescue to be used to provide an early flotation device rescue to a conscious drowning victim when compared to swimming rescues. The purpose of the study was to analyze the influence of fins and rescue tube use in a water rescue, assessed by time and distance to salvage position, physiological parameters, and cardiopulmonary resuscitation (CPR). Twenty professional lifeguards (10 men, 10 women) conducted 3 tests: a baseline test of 5 minutes of CPR and 2 water rescues, 1 without rescue equipment (NRE), and the other with fins and rescue tube (FRT). They also had to perform 5 minutes of CPR after each rescue. Time and distance of the rescues, physiological parameters (blood lactate concentration and heart rate), and quality of CPR were analyzed. Results revealed that CPR quality worsened by 26 to 28% (P < .001) after a rescue. However, there Level 2a were no differences using FRT. The use of rescue equipment reduced the time (FRT: 216+/-57 seconds; NRE: 319+/-127 seconds; P < .001) and distance covered (FRT: 265+/-52 m; NRE: 326+/-41 m; P < .001). No differences were found in lactate levels between FRT and NRE just after the rescues, but there were some after 5 minutes of subsequent CPR (FRT: 10.7+/-2.2 mmol/L; NRE: 12.6+/-1.8 mmol/L; P < .001).
Comparing women with men, we found significant differences in lactate concentrations only in FRT (women: 9.6+/-1.4 mmol/L; men: 8.1+/-1.2 mmol/L; P = .031). Overall it was found that FRT did not have any effect on the quality of the post rescue CPR. hazard; 67% of the drowned rescuers were related to the primary victim. None were professionally trained in aquatic rescue. Rescue altruism is composed of (a) an ethos based on the Good Samaritan or Golden Rule ethic; (b) a subjective identity of the rescuer with the victim, intensified by a perceived duty-of-care relationship; (c) perception of risk in which the potential of rescue-resuscitation success is greater than zero; and (d) personal courage that ignores degree of risk. The unmet challenge therefore is to ensure all members of the public are equipped with lifesaving drills and skills to ensure their safety and those in their care. Because the need to effect an aquatic rescue can confront a bystander at any time, and many confronted with a drowning will act altruistically, the solution is to equip all with the "tools for heroic acts" (Franklin & Pearn, 2011) . Such will reduce the risk of rescuer deaths and increase the likelihood of saving the primary victim. Specialist swimming and body-contact rescue skills are the province of professional lifesavers and lifeguards. By contrast, in the context of the general public (i.e., those who are involved in opportunistic bystander aquatic rescues), the basic paradigm of public-access water safety is to teach rescue techniques without placing the rescuer at risk-if at all possible by noncontact outreach, a fundament principal involved in all international "Aqua Codes" (Franklin & Pearn, 2011; Pearn & Franklin, 2009 ). The teaching of basic line-throwing skills is important in this context. It has been shown that only 20% of untrained adults can throw a line within two meters of a target at a first attempt. In the heat of the moment, 20% do not secure the end of the flung rope. Trained children can affect a 10-meter accurate throw and pull a potential victim to safety with a median lapsed time of 23 s (Pearn & Franklin, 2009 
Moran, K., Stanley, T., Additionally, targeted interventions are needed to address this need in multiple aquatic environments (e.g., high-risk aquatic activities such as kayaking, white water rafting; jet skiing). The development of public-access water safety programs such as current American Red Cross Water Safety programming, (e.g., "reach and throw, don't go" techniques) may aid in decreasing drowning deaths annually.
Recommendations and Strength Standards: None Guidelines: None Options: Reaffirm prior recommendation of an option that rescue equipment such as throw ropes and lines and ring buoys can be used effectively by bystanders, with the following clarification that there is no research recommending or comparing the use of one type of equipment over another.
Conclusions and Further Considerations
There is a need to monitor the scientific literature including new research studies and most recent evaluation of effective water rescue equipment for lay-responders statement. As an outgrowth of this review, additional scientific reviews need to identify appropriate pedagogical and learning practices to add to basic water safety and learn-to-swim programs to teach lay persons how to use equipment.
